Abstract. Respiration, C 2 H 4 production, lipid composition, and electrolyte leakage were monitored during ripening of two nonnetted muskmelon (Cucumis melo L.) varieties differing in their storage life: 'Clipper' (a long-storage-life variety) and 'Jerac', which was used as a control. Respiration rates were comparable in both varieties. Although 'Jerac' exhibited normal climacteric C 2 H 4 production, 'Clipper' continued to produce significant amounts of C 2 H 4 until senescence. Electrolyte leakage increased with ripening and was always higher in 'Jerac'. The loss of membrane integrity seems to be related to changes in the lipid composition due to a breakdown of phospholipids, an increase of sterol synthesis, and an increase in fatty acid saturation. On the contrary, in 'Clipper', the absence of a major change in sterol and phospholipids content and the high level of fatty acid unsaturation suggest that membrane permeability is not greatly affected during ripening. This is consistent with the low loss of solutes measured and may delay senescence in 'Clipper' fruit.
In most climacteric fruit like muskmelon, ripening is associated with increased respiration and C 2 H 4 biosynthesis and is accompanied by many visual and physiological changes (Brady, 1987) . This process is now considered as a phase of reorganization rather than disorganization of tissues because it is the result of the synthesis and degradation of cell components (Romani, 1984) .
Among the mechanisms involved in fruit ripening, changes in membrane structure play an important role because they lead to increased the membrane permeability and alter the activity of membrane-bound enzymes.
Changes in membrane function have been followed in tomato tissues (Güçlü et al., 1989) , in apple microsomal fractions (Lurie and Ben-Arie, 1983) , or in apple isolated membranes (Lurie et al., 1987) and corresponded, at least in part, to changes in lipid composition. These authors reported a correlation between changes in lipid composition, particularly in the sterol-phospholipid ratio and membrane permeability. However, in muskmelons, Lester and Stein (1993) showed that biochemical changes that affect membrane lipid composition could influence storage life.
Therefore, the purpose of this work was to follow C 2 H 4 synthesis, CO 2 production, and changes in the lipid composition of mesocarp tissues in two nonnetted muskmelon varieties differing in storage life: 'Clipper' a long storage variety (>14 days) and 'Jerac' (<7 days), which was used as a standard. Ethylene and CO 2 were used as physiological ripening markers. Moreover, we proposed to correlate these metabolic events to their storage life and to compare changes in lipid composition with changes in membrane permeability.
Materials and Methods
Plant material. Nonnetted muskmelons were grown in a greenhouse. Plant flowers were hand-pollinated and two fruit per plant were allowed to develop. 'Clipper', type Vauclusien (Nunhems, Netherlands), and 'Jerac' (Tezier, France) muskmelons were obtained from Eyragues (France) and harvested at the beginning of total phospholipid content. Phospholipids were determined colorimetrically by P analysis according to Ames (1966) , and the results were expressed in mg·g -1 dry weight. Fatty acids were measured in the phospholipid fraction isolated from the total lipid extract by thin-layer chromatography using 80 hexane : 20 ether : 1 acetic acid (by volume). The part containing phospholipids was removed, eluted with 1 chloroform : 1 methanol (by volume), dried under N 2 , and then methylated. The fatty acid methyl esters were analyzed on a GC-FID (Delsi 700, Suresnes, France) using a superox column (Alltech, Paris, France) 30 m long and 0.25 mm in diameter. The carrier gas was H 2 . The detector temperature was 250C and the injector temperature was 240C. The temperature program was 180 to 240C, 4C/min. Reference methylated fatty acids were run for identification purposes.
Total sterols were isolated from the total lipid fraction according to the method of Grunwald (1970) after incorporating betulinol as an internal standard. Sterols purified by TLC were acetylated and analyzed on the GC-FID using a DB 1 column (Alltech, Paris, France) 30 m long and 0.25 mm in diameter. Column oven, injector, and detector were 280 (isothermal), 300, and 300C respectively. Carrier gas flow rate was 1.1 ml·min -1
. Retention times were compared with authentic cholesterol, campesterol, stigmasterol, and sitosterol standards.
Results
Respiration rate and C 2 H 4 production. Both varieties exhibited a climacteric increase in CO 2 production ( Fig. 1) followed by a rise in C 2 H 4 biosynthesis (Fig. 2) . There was no difference in C 2 H 4 and CO 2 production between attached and detached fruit except that both were slightly delayed in detached fruit. The onset of the climacteric occurred by day 3 and CO 2 production reached a maximum between day 5 and 7 with about 30 to 40 ml·kg -1 ·h -1
. At the start of experiments, small amounts of C 2 H 4 were detected. These amounts were always higher in 'Jerac'. Ethylene levels increased some days later in parallel with the onset of CO 2 production. The maximum values were reached on about day 12. In 'Jerac', C 2 H 4 production decreased after day 12, this characterizes the postclimacteric phase. 'Clipper' continued to produce appreciable amounts of C 2 H 4 after the climacteric increase until fruit senescence.
Electrolyte leakage. Electrolyte leakage is a predictive measure of muskmelon maturation and mesocarp membrane permeability. In both varieties, electrolyte leakage, assayed in sorbitol osmoticum, increased with fruit ripening (Fig. 3) . However, the loss of solutes was always greater in 'Jerac' than in 'Clipper', especially in the postclimacteric stage.
Lipid composition. Total sterol content was always higher in 'Jerac' than in 'Clipper' (1.5-fold), and there was a substantial increase in the former between the preclimacteric and climacteric stages (Table 1) , while in the latter the sterol level remained constant. Phospholipid content was similar in both varieties at the onset of ripening, but decreased in 'Jerac' during the climacteric and postclimacteric stages. As a result of the inverse changes in amounts of sterol and phospholipids in 'Jerac', the sterol-phospholipid ratio increased during the maturation while in 'Clipper' it did not change consistently. For both varieties, the major free fatty acids were C16:0; C18:0; C18:1; C18:2; and C18:3. C16:0 increased as the fruit ripened in 'Jerac' and 'Clipper', while C18:2 increased in the former and decreased markedly in the latter ( Table 2 ). The main change occurred in 'Clipper' between the preclimacteric and postclimacteric stages in C18:2 and C18:3 fatty acids; there was a concomitant increase in C18:2 and decrease in C18:3.
Some indications about the membrane fluidity could be obtained by expressing the results as various ratios usually used to characterize the saturation of fatty acids (Lurie and Ben Arie, 1983) . The double-bond index showed little differences from stage to stage of ripening (Table 3) , and the saturated to unsaturated fatty acid ratio remained relatively constant in both varieties. However, the ratio linolenic (C18:3) to linoleic (C18:2) acid increased in 'Clipper' as fruit ripened. This ratio decreased consistently in 'Jerac' falling by 50% at the postclimacteric stage.
Discussion
As usual in climacteric fruit, both muskmelon varieties were characterized by transient increases in respiration (Fig. 1) , which coincided with an increase in C 2 H 4 biosynthesis (Fig. 2) under all experimental conditions. In contrast, Shellie and Saltveit (1993) have shown on other muskmelon varieties that fruit attached to the plant did not exhibit an increase in respiration. These authors concluded that the increase in CO 2 production may be a consequence of harvest and that the peak in C 2 H 4 biosynthesis might provide a better characterization of climacteric or nonclimacteric fruit. Our results show that the pattern for C 2 H 4 biosynthesis was slightly different in both varieties and indicated that there is some dissociation of the C 2 H 4 burst and the climacteric event as pointed out by Güçlü et al. (1989) for tomatoes. Although 'Jerac' exhibited a pattern of climacteric fruit-an increase of C 2 H 4 production followed by a drop, 'Clipper' maintained high C 2 H 4 synthesis until senescence, suggesting that C 2 H 4 biosynthesis is not closely related to muskmelon storage life. This lack of correlation between C 2 H 4 production and storage life has also been reported by Kendall and Ng (1988) , who showed differences in rates of C 2 H 4 production in netted and nonnetted melons and concluded that C 2 H 4 production is genetically controlled. In the same way, Gussman et al. (1993) reported that long-storing apple genotypes produced considerable amounts of C 2 H 4 during ripening.
An indication of the extent of any membrane perturbation was followed by measuring total electrolyte leakage from similar sets of pulp discs. The general increase in electrolyte leakage (Fig. 3) in 'Jerac' reflects an increase in membrane permeability during ripening and reflects a loss of the mesocarp integrity. In apples, Lurie and Ben Arie (1983) reported similar increases in permeability between the preclimacteric and climacteric stages, which coincided with increased membrane microviscosity. The low and constant loss of solutes in 'Clipper' suggests that membrane integrity is not affected at least during the major part of the ripening.
Changes in the membrane permeability are strongly related to changes in the composition of the lipid matrix. During the senescence of rose petals, Borochov et al. (1982) have shown a relationship between an increase in the sterol-phospholipid ratio and a decrease of membrane fluidity. In apples, changes in the integrity of microsomal membranes are correlated with increased concentration of total free sterol and increased fatty acids saturation level of phospholipids (Lurie et al., 1987) . A substantial increase of the total sterol content has also been reported in tomato (Whitaker, 1988) . It seems that sterol rigidifies the unsaturated acyl chains of phospholipids inducing a gel phase formation in the membrane and associated to a gel phase formation in the membrane may be responsible for the loss of membrane permeability and, consequently, affect postharvest storage life. Moreover, this opens the way to elucidating the significance of C 2 H 4 production in 'Clipper' and to understanding the role of C 2 H 4 as a trigger to the ripening process. Further work should also be to understand the mechanism involved in the membrane protection during ripening. an increase in membrane permeability. In netted muskmelon plasma membrane (Lester and Stein, 1993) , the loss of membrane permeability was associated with increased total free sterolphospholipid ratio and increased fatty acid saturation level. Our results show that in nonnetted muskmelons, there are also changes in the lipid components of the mesocarp microsomal membranes during ripening (Tables 1 and 2 ). However, our conclusions are based on the assumption that data obtained with microsomal membranes of muskmelon are indicative of changes in whole membrane lipid level. It is not ruled out that changes in a specific membrane do not appear with experiments on overall membranes. In 'Jerac', the increase of membrane permeability may be related to a concomitant elevation of the sterol level and a breakdown of phospholipids (Table 1) . Moreover, the slight decrease in the 18:3/ 18:2 ratio particularly between the preclimacteric and climacteric stages (Table 2 ) reflects an increase in the fatty acid saturation and could contribute to the loss of membrane fluidity. The behavior of the lipid composition in 'Clipper' was unusual in a senescing organ since the sterol-phospholipid ratio was constant and the degree of saturation of fatty acid decreased tending to increase the membrane fluidity. Indeed, a similar behavior of the lipid composition has been described in potato tubers since increased degree of unsaturation of membrane fatty acids in response to low temperature appeared to increase membrane permeability during storage, but it was a beneficial acclimation response and not a senescence process (Spychalla and Desborough, 1990) . Here, the absence of major change in sterol and phospholipids content and the high level of fatty acid unsaturation in 'Clipper' suggest that membrane permeability is not really affected during the ripening. This is consistent with the low loss of solutes measured and could contribute to the long storage life of 'Clipper'. Furthermore, the maintenance of membrane integrity could explain the high C 2 H 4 production until senescence since there is evidence (Field, 1981; Mayne and Kende, 1986; Bouzayen et al., 1990 ) that ACC oxidase, the enzyme that converts ACC to C 2 H 4 , requires tonoplast and plasmalemma integrity. ACC oxidase activity may be, in some aspects, a measure of relative membrane integrity.
In conclusion, our results agree with the idea that ripening and senescence are the result of lipid changes. It seems that, in nonnetted muskmelons, changes in membrane lipid composition
